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sampling tube should be raised very slowly through a water-filled borehole in
order to avoid erosion by turbulent water and a material decrease in the hydro-
static pressure below the sampler. The longer the sample, the smaller the
danger of losing part of it or all of it during the withdrawal. In difficult .soils it
will also be helpful to use some suitable method of conveying compressed air
to the underside of the sample or lowering the casing and simultaneously
removing the soil between the casing and the sampler before the latter is with-
drawn. When these methods do not suffice to prevent loss of the sample,
it is necessary to use samplers with core retainers or, in case of cohesionles.*
soils, the Fahlquist method of freezing a short section near the bottom of the
sample before the sampler is withdrawn.

33. Sampling of Cohesioniess Materials. Some fine sands, if sufficiently
loose, are subject to flow under load upon slight disturbance or may settle
unduly on application of load. Consequently it is desirable to perform tests on
samples in their natural condition in order to determine void ratio and density,
critical void ratio and shear strength. In the past, however, great difficulty
has been experienced in procuring samples of cohesionless materials in anything
like their natural condition in the ground, particularly where such materials are
below ground-water level.

When fine, loose, cohesionless materials are situated below the ground-water
level, procuring even reasonably undisturbed samples become* extremely dif-
ficult, expensive, and uncertain, especially when the^e materials are very fine
and are more or less uniform in size. Unfortunately, materials such as these,
if they occur in a foundation, present difficult problems to the engineer.

Various sampling tubes for obtaining "undisturbed" samples of such mate-
rials have been devised. Spring fingers and other devices are sometimes used
to retain the sample in the tube. At other times the suction created by a piston
is utilized, and at still others valves are used. With most schemes one cannot
be sure that the sample contains all the material intercepted between two
definite elevations or that all the sample is retained in a practically undisturbed
condition.

In connection with the investigation of the slide in the Fort Peck Dam, the
cohesionless material was first frozen by methods similar to those used in sink-
ing shafts. Then 30- and 36-in. holes were bored in the frozen cohesionless
material, using a Calyx drill, and the large-sized undisturbed cores were ob-
tained and studied. The stratifications of the undisturbed samples thus ob-
tained provided valuable information. Although this method of obtaining
undisturbed samples of cohesionless material is expensive there are conditions
under which its use is justified in order to obtain truly reliable data for design
purposes.10

The usual methods of sampling of cohesionless fine material result in so
much disturbance that one cannot determine the natural over-all void ratio
or density of a sample with any assurance. The sampling method described

18 See Report on "The SUde of a Portion of the Upstream Face of The Fort Peck Dun/1
July 1939, Corps of Engineers, U. S. Army.